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into the vacuole (Shirley, 1996). The synthesis of anthocyanins is induced by 
UV-B (Warren et al., 2003), nutrient deficiency (Pinto et al., 1999), low 
temperatures (Rabino and Mancinelli, 1986), water deficit (Nogues et al., 
1998), and heavy metal stress (Ling-Peng et al., 2006). The content of the most 

common plant pigments—chlorophylls, carotenoids, and anthocyanins—as 
well as their relative proportion determines both the color and appearance of 

plants (Abbott, 1999). 

In Turkey Azolla filiculoides is found naturally only in the Thrace region 
(Unal and Uzen, 1996) and has been grown in Istanbul University Alfred 
Heilbronn Botany Garden for many years. The purpose of this study was to 
monitor and investigate the effects of seasonal changes on Azolla filiculoides 
Lam. For this reason, changes in the pigment content of A. filiculoides were 

investigated in 2007. 
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Table 1 . Chlorophyll a, b (pg/gFW) and chi a and chi b ratio of A. filiculoides in March, April, 
May, October, November, December 2007. Chlorophyll a, b contents and chi a/chl b ratios results 
are means of 5 replicates in March-April-May and October-November-December, “±” indicates 
standard deviation. Significant differences determined by the Tuleey’s Multiple Comparison test 
lp<0.05) are indicated by different letters (a-e). 


Months 

Chlorophyll a 

Chlorophyll b 

Chi a/Chl b 

March 

197.2 ± 8.5 c 

66.8 ± 2.0 a 

2.9 ± 0.12 c 

April 

110.0 ± 12.2 e 

47.1 ± 3.5 b 

2.3 ± 0.14 e 

May 

170.6 ± 10.8 d 

66.9 ± 1.4 a 

2.6 ± 0.12 d 

October 

323.5 ± 23.8 a 

63.4 ± 5.5 a 

5.1 ± 0.14 b 

November 

269.1 ± 20.7 b 

47.4 ± 4.1 b 

5.7 ± 0.07 a 

I December 

246.5 ± 10.4 b 

43.7 ± 3.0 b 

5.6 ± 0.15 a 


In May, the plants had become fully green, were growing faster, and had 

completely covered the surface of the pond. During the October-November- 

December period, the color of the Azolla leaves changed from green to red, 

plant size decreased and plant growth also slowed down. In addition during 

the October-November-December period the Lemna spp. population density 

was higher than the A. filiculoides (Fig. 2). Although A. filiculoides was 

present in the small pond throughout the year 2007, it only reproduced 
vegetatively. 

While the average chlorophyll a/b ratio of the leaves was 2.6 for the March- 

April-May period, it was 5.5 for the October-November-December period. In 

April the chlorophyll a/b ratio (Table 1) and total chlorophyll (Fig. 3) were 

significantly (p<0.05) lower than in the other months, while total chlorophyll 

was significantly highest in October. The total chlorophyll am mints were 264 , 

157, and 237 gg g -1 during March, April, and May, respectively (Fig. 3). The 

carotenoid amount of the A. filiculoides leaves was lower in the March-April- 

May period when compared to the October-November-December period. The 

highest carotenoid content was determined in October (p<0.05), but values for 

November and December were not statistically different from each other 
(Fig. 3). 

While the highest le\oi oi anthocyanins was measured in March, the lowest 

was found in May, and these values are significantly different statistically from 

all other anthocyanin values measured. The anthocyanin content of the leaves 

was 0.6, 0.47, and 0.33 gg g -1 FW throughout October, November, and 
December respectively (Fig. 3). 


Discussion 

Plants in their natural environment are exposed to different kinds of 
environmental stresses, and these conditions lead to both a reduction in 
growth and metabolism (Abraham, 2010). Azolla grows under different 
environmental conditions. Temperature is the most important factor affecting 
the growth and distribution of Azolla (Pabby et al, 2004). The optimum growth 
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air temperature ranges from 18—28°C for Azolla spp. However, some species of 
Azolla are capable of tolerating a wide range of air temperatures from — 5 — 35 °C 
(Wagner, 1997). Janes (1998a), determined that under the most adverse winter 
conditions (January—March), Azolla filiculoides were very small and dark red, 
and in the spring/early summer, the plants’ color changed from red to green. 
This color change was also observed in reverse in the autumn in an outdoor 
culture. In our study, the color and morphological results obtained from A. 
filiculoides in March-April-May, and October-November-December showed a 
parallelism with the Janes (1998a) results. Bocchi and Malgioglio ( 2010 ) stated 
that the Azolla (Milan strain) biomass increased from March to April (under 

the ™S e fr° m 10.4 to 18 C mean temperature/day). In the present study, the 
A. fi iculoides leaf dimensions and the biomass increased and leaves returned 
to green from April to May (under the range from 12.4 to 19.9 C C mean 
temperature/day; Fig. 2 ). Thus, the growth season of A. filiculoides likely 
egan tween April and May. This st: iv also showed that under natural 
con ltions, w ile A. filiculoides reproduced vegetatively, it did not reproduce 

sexually during 2007. J H 

, pao,o^\ nthetii appaiatus is canto crucial tor communication between 
the plant and the environment (Mattoo et al., 1999). Chlorophyll concentration 
1 s regu at ^ y p ants in order to balance their capacity to both absorb and 

u i lze ig t energy. T is regulation is considered as an adaptation of plants 
o seasonal fluctuations under environmental stress (Close et al, 2006). In May 
(providing the optimum growth temperature of plant), the amount of 
orophyll m leaves was higher than in April. On the other hand, the 

it ^ > /car ^ enoi d ratio was 1.6 in May and 1.2 in April. In addition, 
n l ^ U1 6 S i a * a/b ratio of the October-November-December 

Anril m ° S ^ COI ^ 1 P are< l to the ratio in the months of March- 

nhntnc *• US ’ m a * don ^ traditional role in energy transduction, the 
?oa Q ? ^ C a PP aratus mi 8 ht also be an environmental sensor (Huner et al., 


temnerati!rp s>nthesis ant ^ loc y ail i ns under high light intensity, low 

h aV p “ rp > ?•’ , d m adverse environmental conditions, Azolla leaves generally 
nave a reddish appearance. While A —»-•* • . - - - J 
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It is not yet known which environmental conditions induce Azolla to 
reproduce sexually. However, increased plant density, enhanced phosphate 
concentrations, and adverse winter conditions are factors believed to be 
involved in stimulating sexual reproduction in Azolla (Janes 1998a, 1998b). n 
conclusion, it is well established that changes in climate will affect the 
distribution of plant species (Malchair et al 2010; Rajkumar et al. 2013] and 
agricultural productivity (Howden et al., 2003). Thus the knowledge of the 
effect of seasonal changes on the photosynthetic pigment composition o . 
filiculoides could help us in agriculture—especially in rice cultivation, n 
addition, it is important to investigate the effect of environmental condi ions 
changing with global warming on the sexual reproduction and the formation o 
spores of Azolla, and encourage research regarding the preservation and 

germination of spores. 
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